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WAVELENGTH DIVISION MULTIPLEXING PASSIVE OPTICAL 
NETWORK HAVING MULTIPLE BRANCHES OF OPTICAL 

DISTRIBUTION 

Field 

[0001] Embodiments of the invention relate generally to a passive 
optical network (PON), and more particularly, to a wavelength division 
multiplexing passive optical network (WDM-PON) having multiple 
branches of optical distribution. 

Background 

[0002] FIG. 1 is a block diagram illustrating the structure of a 
conventional WDM-PON, Referring to FIG, 1, the conventional WDM-PON 
includes a central office 100, an optical distribution network 142 and 
optical network units 140-1, 140-2,..., and 140-N (hereinafter, commonly 
designated as 140). 

[0003] The conventional WDM-PON performs bi-directional 
communication by using two different wavelength bands. For instance, a 
downstream signal is transmitted from the central office 1 00 to the optical 
network unit 140 through an A wavelength band, such as 1570-1620 
nanometers. An upstream signal is transmitted from the optical network 
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unit 140 to the central office 100 through a B wavelength band, such as 
1450-1500 nanometers. 

[0004] The central office 1 00 includes a plurality of optical 
transmitters 101, 102 and 103 for transmitting downstream signals having 
an A wavelength band, a plurality of optical receivers 104, 105 and 106 for 
receiving upstream signals having a B wavelength band, a plurality of 
band division filters 1 07. 1 08 and 1 09 for coupling/decoupling light having 
an A wavelength band to/from light having a B wavelength band, and a 1 
X N multiplexer/demultiplexer 110, wherein N represents the number of 
optical network units. 

[0005] The optical unit network 140 includes a plurality of optical 
transmitters 1 18, 1 19 and 120 for transmitting upstream signals having a 
B wavelength band, a plurality of optical receivers 1 1 5, 1 1 6 and 1 1 7 for 
receiving downstream signals having an A wavelength band, and a 
plurality of band division filters 121 , 122 and 123 for coupling/decoupling 
light having an A wavelength band to/from light having a B wavelength 
band. 

[0006] The optical distribution network 142 is located between the 
central office 100 and the optical network units 140-1 to 140-N and 
includes a first-branch optical cable 1 13 for transmitting optical signals 
having multiplexed wavelengths from the central office 100 to a remote 
node 150, a 1 X N multiplexer/demultiplexer 114 for 
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multiplexing/demultiplexing optical signals transmitted thereto from the 
central office 100 and the optical network units 140, and N second-branch 
optical cables 124, 125 and 126 for connecting the 1 x N 
multiplexer/demultiplexer 1 14 to the optical network units 140. In this 
regard, the 1 x N multiplexer/demultiplexer 114 has a role of a remote 
node. 

[0007] Since the optical distribution network 142 of the 
conventional WDM-PON has a double-branch structure including the first- 
branch optical cable 113, the second-branch optical cable 124-126 and 
the remote node 1 50, if the number of optical network units for the WDM- 
PON is N, all of the N optical network units 140 are connected to one 
remote node 150. Thus, the remote node 150 is located at a center of 
the N optical network units in order to minimize an amount of optical 
cables (i.e., optical fibers) to be used. However, if it is difficult to install 
the remote node 150 at the center of the N optical network units 140 due 
to geographic or local characteristics, the remote node 150 may be 
connected to the optical network units 140 through an inefficient structure, 
resulting in waste of expensive optical fibers. In particular, if the 
conventional WDM-PON having the two branches of optical distribution is 
applied to agricultural villages in which the optical network units 140 are 
sporadically distributed over the whole area of agricultural villages, optical 
fibers are unnecessarily wasted and installation work thereof is difficult. 
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SUMMARY 

[0008] Various methods and apparatuses are described for a 
wavelength division multiplexing passive optical network (WDM-PON) that 
performs bi-directional communication. The WDM-PON may include two 
or more remote distribution nodes in between a central office and the 
most distant optical network unit. Each remote distribution node is 
located in a physically separate location. A first remote distribution node 
has two or more optical network units connected to the first remote 
distribution node. Each remote node separates one or more wavelength 
channels from a composite optical signal distributed through that remote 
distribution node. 

[0009] Other features and advantages of the present invention will 
be apparent from the accompanying drawings and from the detailed 
description that follows below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] The accompanying drawings, which are included to provide 
a further understanding of the invention and are incorporated in and 
constitute a part of this application, illustrate embodiment(s) of the 
invention and together with the description sen/e to explain some 
principles of the invention. In the drawings: 
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[0011] FIG. 1 is a block diagram showing a structure of a 
conventional WDM-PON. 

[0012] FIG. 2 is a block diagram of a structure of a WDM-PON 
having a 1 x 2 x N/2 type division of wavelength channels with three- 
branches of optical distribution. 

[0013] FIG. 3 is a block diagram of a structure of a WDM-PON 
having a 1 x 2 x N/2 type division of wavelength channels with three- 
branches of optical distribution. 

[0014] FIG. 4 is a block diagram of a structure of a WDM-PON 
having a 1 x 4 x N/4 type division of wavelength channels with three- 
branches of optical distribution. 

[0015] FIG. 5 is a block diagram of a structure of a WDM-PON 
having multiple branches of optical distribution employing an add/drop 
scheme. 

DETAILED DESCRIPTION 

[0016] In general, a composite optical signal that includes all of the 
wavelength channels in a first wavelength band is separated in a 
transmission path between a central office and the most distant optical 
network unit into two or more smaller groups consisting of subsets of the 
wavelength channels. The composite optical signal is sequentially 
separated along the transmission path two or more times to generate the 
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two or more smaller groups consisting of subsets of the wavelength 
channels. The WDM-PON may have multiple branches of optical 
distribution to overcome the structural problem of a double-branch optical 
distribution network. The WDM-PON may have multiple branches of 
optical distribution that can be easily installed while saving an amount of 
optical fibers to be used. The WDM-PON performs bi-directional 
communication. 

[0017] Several example configurations of WDM-PONs will be 
described. 

[0018] The WDM-PON may include a central office; a plurality of 
optical network units; and an optical distribution network physically 
connecting the central ofTice to the optical network units and including at 
least two remote nodes that are physically separated from each other, and 
multiple branches of optical cable for sequentially connecting the central 
office, the remote nodes and the optical network units with each other. 

[0019] The optical distribution network may include a first remote 
node, a second remote node located between the first remote node and 
the optical network units, and is provided with at least two 
multiplexers/demultiplexers, a first-branch optical cable for connecting the 
central office to the first remote node, a second-branch optical cable for 
connecting the first node to each of the multiplexers/demultiplexers of the 



6 



wo 2005/099148 



PCT/US2005/011886 



second node, and a third-branch optical cable for connecting the 
multiplexers/demultiplexers to the optical network units, respectively. 

[0020] The first remote node transmits downstream signals of the 
central office to the multiplexers/demultiplexers of the second node by 
dividing the downstream signals into several signal groups, and transmits 
upstream signals of the multiplexers/demultiplexers of the second node to 
the central office by coupling the upstream signals with each other. 

[0021] The multiplexers/demultiplexers may include 1 x N/2 
multiplexers/demultiplexers, in which N is a number of optical network 
units. 

[0022] The first remote node may include a division/coupling filter 
for dividing/coupling the upstream and downstream signals, a downstream 
signal division filter for dividing a downstream signal inputted thereto from 
the division/coupling filter into two or more subsets of wavelength 
channels in the downstream signal in order to output the subsets of 
wavelength channels to a predetermined multiplexer/demultiplexer. An 
upstream signal-coupling filter may receive subsets of wavelength 
channels in a different wavelength band from the 
multiplexers/demultiplexers in order to output the upstream signal to the 
division/coupling filter by combing the subsets of wavelength channels. 

[0023] Alternatively, the first remote node may include an optical 
interleaver receiving the downstream signal from the central office. The 
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optical interleaver divides the downstream signal into odd wavelength 
channel signals and even wavelength channel signals in order to output 
the odd and even wavelength signals to a predetermined 
multiplexer/demultiplexer. The optical interleaver may receive the odd 
and even wavelength channel signals from the predetermined 
multiplexer/demultiplexer in order to couple the odd wavelength signals 
with the even wavelength signals and to transmit the coupled signals to 
the central office. 

[0024] Alternatively, the optical distribution network may include at 
least one remote node connected to the multiple optical cables and having 
one or more drop filters for dropping a wavelength channel from a 
downstream signal, which is allocated to a predetermined optical network 
unit, into the predetermined optical network unit. The network may 
further include one or more add filters for adding an upstream signal, 
which is transmitted from the predetermined optical network unit, to the 
multiple optical cables. The WDM-PON further comprises a 
multiplexer/demultiplexer located between a final remote node and 
remaining optical network units in order to multiplex/demultiplex upstream 
and downstream signals. 

[0025] FIG. 2 is a block diagram of a structure of a WDM-PON 
having a 1 x 2 x N/2 type division of wavelength channels with three 
branches of optical distribution. 
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[0026] Referring to FIG. 2, the WDM-PON includes a central olfice 
200, an optical distribution network 242 and optical network units 240. 
The optical distribution network 242 physically connects the central office 
200 to the optical network units 240 and includes two remote nodes and a 
triple-branch optical cable unit having first to third-branch optical cables 
connected to the remote nodes. Structures of the central office 200 and 
the optical network units 240 are similar to the structures of the central 
office and the optical network units shown in FIG. 1 , so they will not be 
further described below in order to avoid redundancy. 

[0027] In the three branches of optical distribution 242, a 
downstream signal transmitted from the central office 200, i.e., an optical 
signal having an A wavelength band, is transmitted to a first remote node 
250 through a first-branch optical cable 214. Subsequently, the optical 
signal is split into a first subset of wavelength channels A+ and a second 
subset of wavelength channels A-, which are transmitted to first and 
second multiplexers/demultiplexers 208 and 209 of a second remote node 
252 through two second-branch optical cables 215 and 216. 
Subsequently, the first and second multiplexers/demultiplexers 208 209 
transmit optical signals having wavelengths that have been allocated for 
each subscriber to each optical network unit 240 by using N/2 third-branch 
optical cables 217 to 220. 
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[0028] In addition, an upstream signal transmitted from each 
optical network unit 240, i.e., an optical signal having a B wavelength 
band, is transmitted to the central office 200 through the second remote 
node 252 and the first remote node 250. 

[0029] The first remote node 250 includes three A/B band division 
filters, i.e., first to third A/B band division filters 221, 224 and 225 for 
dividing a downstream optical signal having an A wavelength band and an 
upstream optical signal having a B wavelength band, an A+/A- band 
division filter 222 located among the first to third A/B band division filters 
221 , 224 and 225 In order to divide the downstream optical signal having 
the A wavelength band into a first subset of wavelength channels (A+ 
signal), such as wavelength channels 1-16, and a second subset of 
wavelength channels (A- signal), such as wavelength channels 17-32. 
The B+/B- band coupling filter 223 may be located among the first to third 
A/B band division filters 221 , 224 and 225. The +/B- band coupling filter 
223 couples a third subset of wavelength channels (B+ signal) inputted 
from the first multiplexer/demultiplexer 208 with a fourth subset of 
wavelength channels (B- signal) inputted from the second 
multiplexer/demultiplexer 209. 

[0030] Thus, the first remote node 250 has a series of band 
splitting filters 221, 224 and 225 configured to split a first composite 
optical signal that includes all of the wavelength channels in a first 
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wavelength band (i.e. downstream signal - "A") into a first subset of the 
wavelength channels (A+) and a second subset of the wavelength 
channels (A-). 

[0031] The above division and coupling filters include thin film 
optical filters having a plurality of thin films, which are generally known In 
the art. Properties of the optical filters are disclosed in detail in Chapter 
42 (Optical properties of films and coating) of "Handbook of Optics 
Volume 1" Bass, M., Van Stryland. E., Williams, D., and Wolfe, W. (eds), 
published by McGraw-Hill. New York. (1995). 

[0032] The downstream signal transmitted from the central office 
200, i.e.. the optical signal having the A wavelength band, is transmitted to 
the A+/A- band division filter 222 through the first A/B band division filter 
221 and is divided into the first subset of wavelength channels (A+ signal) 
and the second subset of wavelength channels (A- signal). 
Subsequently, the first subset of wavelength channels (A+ signal) is 
transmitted to the second A/B band division filter 225, and then 
transmitted to the first multiplexer/demultiplexer 208 of the second remote 
node 252 through the second-branch optical cable 215. In addition, the 
second subset of wavelength channels (A- signal) is transmitted to the 
third A/B band division filter 224, and then transmitted to the second 
multiplexer/demultiplexer 209 of the second remote node 252 through the 
second-branch optical cable 216. Thus, the downstream optical signals 
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inputted from the central office 200 are divided into two groups based on 
wavelengths thereof and transmitted to the first and second 
multiplexers/demultiplexers 208 and 209. In addition, the first subset of 
wavelength channels (A+ signal) passing through the first 
multiplexer/demultiplexer 208 is divided into signals having various 
individual wavelengths and transmitted to first to (N/2/^ optical network 
units 240-1 to 240-N/2. The second subset of wavelength channels (A- 
signal) passing through the second multiplexer/demultiplexer 209 is 
divided into signals having various individual wavelengths and transmitted 
to (N/2+1 r to optical network units 240-N/2+1 to 240-N. 

[0033] In the meantime, the upstream signal inputted from each 
optical network unit 240, i.e., the optical signal having the B wavelength 
band, is transmitted in an opposite direction to the above manner. That 
is, the first multiplexer/demultiplexer 208 multiplexes a third subset of 
wavelength channels (B+ signals) inputted thereto from the first to (N/2)**^ 
optical network units 240-1 to 240-N/2 and transmits the multiplexed 
signals to the first remote node 250 through the second-branch optical 
cable 21 5. In addition, the second multiplexer/demultiplexer 209 
multiplexes a fourth subset of wavelength channels (B- signals) inputted 
thereto from the (N/2+1 )^^ to N*^ optical network units 240-N/2+1 to 240-N 
and transmits the multiplexed signals to the first remote node 250 through 
the second-branch optical cable 216. After that, the third subset of 
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wavelength channels (B+ signals) inputted from the first 
multiplexer/demultiplexer 208 are transmitted to the B+/B- band coupling 
filter 223 through the second A/B band division filter 225 and the fourth 
subset of wavelength channels (B- signals) inputted from the second 
multiplexer/demultiplexer 209 are transmitted to the B+/B- band coupling 
filter 223 through the third A/B band division filter 224. Thereafter, the 
third subset of wavelength channels (B+ signals) are coupled with the 
fourth subset of wavelength channels (B- signals) at the B+/B- band 
division filter 222 and transmitted to the central office 200 through the first 
A/B band division filter 221 . 

[0034] Thus, the series of band splitting filters 221-225 are also 
coupled together to create a second composite optical signal that includes 
all of the wavelength channels in a second wavelength band (i.e. 
upstream signal (B) by combining a first portion of the wavelength 
channels (B+) in the second B wavelength band and a second portion of 
the wavelength channels (B-) in the second B wavelength band. The 
second composite optical signal travels in the opposite direction of the first 
composite optical signal and occupies a different wavelength band than 
the first composite optical signal. 

[0035] The second remote node 252 contains a first 
multiplexer/demultiplexer 208 to receive a first subset of the wavelength 
channels (A+) in a first composite optical signal (A) from the first remote 
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node 250 and to send the first portion of wavelength channels (B+) in a 
second composite optical signal B to the first remote node. The second 
remote node 252 also contains a second multiplexer/demultiplexer 209 to 
receive a second subset of the wavelength channels (A-) in the first 
composite optical signal (A) from the first remote node 250 and to send 
the second portion (B-) of the second B wavelength band to the first 
remote node 252. As discussed, the first multiplexer/demultiplexer 208 
and second multiplexer/demultiplexer 209 may be located in separate 
physical localities as well as the remote nodes 250, 252 may be located in 
separate physical localities. 

[0036] Herein, the first and second multiplexers/demultiplexers 208 
and 209 of the second remote node can be installed in various positions 
while being physically separated from each other. Thus, the remote 
node can be located in an effective position by taking distribution of the 
optical network units into consideration. 

[0037] In addition, the first and second multiplexers/demultiplexers 
208 and 209 can be embodied in the form of arrayed waveguide grating 
(AWG). The AWG is generally known in the art. In particular, the AWG 
is disclosed in detail in the document "Transmission characteristic of 
arrayed-waveguide N x N wavelength multiplexer"' (Journal of Lightwave 
Technology, volume 13, pages 447 to 455, Mar. 1995). 



14 



wo 2005/099148 



PCT/US2005/011886 



[0038] Preferably, the first and second multiplexers/demultiplexers 
208 and 209 can be embodied by nneans of a filter-type dense 
wavelength-division multiplexing multiplexer/demultiplexer. 

[0039] FIG. 3 is a block diagram of a structure of a WDM-PON 
having a 1 x 2 x N/2 type division of wavelength channels with three 
branches of optical distribution. 

[0040] Referring to FIG. 3, the WDM-PON includes a central office 
300, an optical distribution network 342 and optical network units 340. 
The optical distribution network 342 physically connects the central office 
300 to the optical network units 340 and includes first and second remote 
nodes 350 and 352 and a triple-branch optical cable unit having first to 
third-branch optical cables connected to the remote nodes 350 and 352. 
Herein, structures of elements similar to those shown in FIG. 1 will not be 
further described below in order to avoid redundancy. 

[0041] The first remote node 350 includes an optical interleaver 
321 for dividing a downstream signal inputted thereto from a first-branch 
optical cable 334 into odd optical wavelength signals and even optical 
wavelength signals. Thus, the first remote node 350 has an optical 
interleaver 321 configured to split a first composite optical signal in a first 
wavelength band (i.e. downstream signal - "A") into a first portion (A+) 
consisting of odd numbered wavelength channels and a second portion 
(A-) consisting of odd numbered wavelength channels. As generally 
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known in the art, the optical interleaver 321 is an optical device for 
outputting optical signals by dividing the optical signals according to 
wavelengths or frequencies thereof. 

[0042] A basic principle of the optical interleaver 321 is similar to a 
principle of a Mach Zhender optical interferometer, in which inputted 
optical signals are divided while passing through a 2 x 2 optical coupler 
having two inputs and two outputs and coupled with each other in the 2 x 
2 optical coupler after traveling along two different optical paths, so that 
signals having uniform frequency intervals are separately outputted 
through two output ports. For instance, if N optical signals are inputted 
into the optical interleaver 321 with an interval of 100GHz, optical signals 
of a +100GHZ, a +300GHz... are outputted through a first output port 
316a and optical signals of a +200GHz, a +400GHz... are outputted 
through a second output port 317b. In this regard, "a" is a predetermined 
band frequency of an optical signal. Thus, the N optical signals inputted 
with an interval of 100GHz are divided into two signal groups with an 
interval of 200GHz and N/2 optical signals are outputted through two 
output ports 316a and 317b, respectively. At this time, the optical signals 
outputted from the first output port 316a are defined as odd optical 
wavelength channel signals and the optical signals outputted from the 
second output port 317b are defined as even optical wavelength channel 
signals. 
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[0043] Accordingly, the optical signals inputted through the first- 
branch optical cable 334 are divided into odd optical wavelength channels 
and even optical wavelength channels at the optical interleaver 321 of the 
first remote node 350. Subsequently, the odd optical wavelength 
channels are outputted through the first output port 316a and transmitted 
to a first multiplexer/demultiplexer 314 through the second-branch optical 
cable 316, and the even optical wavelength channels are outputted 
through the second output port 317b and transmitted to the second 
multiplexer/demultiplexer 315 through the second-branch optical cable 
317. 

[0044] In addition, the first and second multiplexers/demultiplexers 
314 and 315 divide the subsets of odd and even optical wavelength 
channels into signals having various wavelengths and transmit them to 
each optical network unit. 

[0045] For the present embodiment, odd optical network units are 
connected to the first multiplexer/demultiplexer 314 and even optical 
network units are connected to the second multiplexer/demultiplexer 315 
for illustration purposes. 

[0046] Although the above description has been made in relation to 
the downstream signal transmitted to the optical network unit 340 from the 
central office 300, it is noted that the upstream signal is transmitted to the 
central office 300 from the optical network units 340 through a 
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predetermined transmission procedure in an order reverse to that of the 
transmission procedure of the downstream signal. Thus, the second 
remote node 352 contains a first multiplexer/demultiplexer 314 that 
receives the odd numbered wavelength channels from the first remote 
node 350 and sends the first portion (B+) of the wavelength channels in 
the second wavelength band (B) to the first remote node 350. The 
second remote node 352 also contains a second multiplexer/demultiplexer 
315 that receives the second even wavelength portion (A-) of the first A 
wavelength band from the first remote node 350 and sends the second 
even wavelength portion (B-) of the second B wavelength band to the first 
remote node 350. The optical interleaver 312 is also configured to create 
a second composite optical signal in a second wavelength band (i.e. 
upstream signal - "B") from a combination of a first portion of wavelength 
channels (B+) in the second wavelength band (B) and a second portion of 
wavelength channels (B-) in the second wavelength band (B). Herein, 
the upstream signals outputted from the first multiplexer/demultiplexer 314 
are coupled with the downstream signals outputted from the second 
multiplexer/demultiplexer 315 at the optical interleaver 321 of the first 
remote node and then transmitted to the central office 300. 

[0047] FIG- 4 is a block diagram of a structure of a WDM-PON 
having a 1 x 4 x N/4 type division of wavelength channels with three- 
branches of optical distribution. 
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[0048] Referring to FIG. 4, the WDM-PON includes a central office 
400, an optical distribution network 442 and optical network units 440. 
The optical distribution network 442 physically connects the central office 
400 to the optical network units 440 and includes first and second remote 
nodes 450 and 452 and a triple-branch optical cable unit having first to 
third-branch optical cables connected to the remote nodes 450 and 452. 

[0049] The first remote node 450 includes first to fifth optical filters 
404, 405, 406, 407 and 408 for coupling/decoupling the downstream 
signal having an A wavelength band to/from the upstream signal having a 
B wavelength band, a demultiplexer 402 for dividing the downstream 
signal having the A wavelength band into four subsets of wavelength 
channels, and a multiplexer 403 for coupling four subsets of wavelength 
channels having the B wavelength band and transmitting them to the 
central office 400. 

[0050] The downstream signal of the central office 400, i.e., the 
multiplexed optical signal having the A wavelength band is transmitted to 
a first optical filter 404 through a first-branch optical cable 401 , and then 
transmitted to the demultiplexer 402. Upon receiving the multiplexed 
optical signal, the demultiplexer 402 divides the multiplexed optical signal 
having the A wavelength band into four subsets of wavelength channels 
and transmits them into the second to fifth optical filters 405, 406, 407 and 
408. 
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[0051] For instance, if the number of optical network units are 32 
(N=32) and 32 channels with a predetermined frequency internal are 
inputted into the demultiplexer 402 corresponding to the number of optical 
network units, optical signals of a +100GHz, a +200GHz,.., a +700GH2 
and a +800GHz are outputted through the second optical filter 405, optical 
signalsof a +1 100GHz, a +1200GHz,... a +1700GHz and a +1800GHz 
are outputted through the third optical filter 406, optical signals of a 
+2100GHZ. a +2200GHz,... a +2700GHz and a +2800GHz are outputted 
through the fourth optical filter 407, and optical signals of a +3100GHz, a 
+3200GHZ,... a +3700GHz and a +3800GHz are outputted through the 
fifth optical filter 408. In this regard, "a" is a predetermined band 
frequency of an optical signal. Further, the optical signal having the A 
wavelength band can be divided into four subsets of wavelength 
channels; however, the present invention is not limited to the above 
manner. 

[0052] Subsequently, the optical signal that has been transmitted 
to the second optical filter 405 is transmitted to a first 
multiplexer/demultiplexer 413 of the second remote node 452 through a 
second-branch optical cable 409. In the same manner, the optical 
signals that have been transmitted to the third through fifth optical filters 
406. 407 and 408 are transmitted to the second through fourth 
multiplexers/demultiplexers 414, 415, and 416 via second-branch optical 
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cables 410, 41 1 , 412, respectively. Thus, the downstream optical signals 
of the central office 400 are divided into four subsets of wavelength 
channels and distributed into four nnultiplexers/demultiplexers. In 
addition, the optical signal inputted into the first multiplexer/demultiplexer 

413 through the second-branch optical cable 409 is divided into signals 
having various wavelengths by means of the first 
multiplexer/demultiplexer 413 and is transmitted into a first group of 
optical network units 440-1 to 440-N/4 through N/4 third-branch optical 
cables 417 and 418. In the same manner, the optical signals inputted 
into the second to fourth multiplexers/demultiplexers 414 to 416 through 
optical cables 410, 41 1, 412 are divided into signals having various 
wavelengths by means of the second to fourth multiplexers/demultiplexers 

414 to 416 and are transmitted into second to fourth groups of optical 
network units through N/4 third-branch optical cables 419-424. 

[0053] Thus, the first remote node 450 has a first 
multiplexer/demultiplexer 402 coupled to two or more band splitting filters 
405-408 configured to split a first composite optical signal that includes all 
of the wavelength channels in a first wavelength band (i.e. downstream 
signal A) into a first subset of wavelength channels (A+) and a second 
subset of wavelength channels (A-). The first band splitting filter 404 
separates and couples a downstream and an upstream optical signal onto 
the same optical cable connected to the central office 400. The first 1 x 
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N multiplexer/demultiplexer 402 outputs N wavelength channels, where N 
is a subset of the total number of subscribers coupled in the optical data 
path of the first 1 x N multiplexer/demultiplexer 402. 

[0054] The second remote node 452 contains a first 
multiplexer/demultiplexer 413 that receives the first subset of wavelength 
channels from the first remote node 450, a second 
multiplexer/demultiplexer 414 to receive the second subset of wavelength 
channels from the first remote node 450, a third multiplexer/demultiplexer 
415 to receive the third wavelength portion (A+) of the first A wavelength 
band from the first remote node 450, and a fourth 
multiplexer/demultiplexer 416 to receive the fourth wavelength portion 
(A+) of the first A wavelength band from the first remote node 450. 

[0055] The upstream signal transmitted from each optical network 
unit 440, i.e., the optical having the B wavelength band, is transmitted 
from the optical network unit 440 to the central office 400 through a 
predetermined transmission procedure in an order reverse to that of the 
transmission procedure of the downstream signal. Herein, four upstream 
subsets of wavelength channels that have the B wavelength band and 
that are inputted into the second to fifth optical filters 405 to 408 through 
second-branch optical cables 409-412 are transmitted to the central office 
400 through the first optical filter 404 after being multiplexed by means of 
the multiplexer 403 of the first remote node 450. 
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[0056] The demultiplexer 402 and the multiplexer 403 of the first 
remote node and the first to fourth multiplexers/demultiplexers 413 to 416 
of the second remote node 452 may be embodied in the form of AWGs or 
8-skip-2 optical fibers. Thus, the second remote node 452 sends the first 
through the fourth subsets of the wavelength channels in a second B 
wavelength band to a second multiplexer/demultiplexer 403 in the first 
remote distribution node 450 via the band splitting filters 405-408. The 
second multiplexer/demultiplexer 403 combines the wavelength channels 
from the first through the fourth subsets of the wavelength channels. 

[0057] FIG. 5 is a block diagram of the structure of a WDM-PON 
having multiple branches of optical distribution employing an add/drop 
scheme. 

[0058] First, the present embodiment will be described in relation 
to a downstream signal transmitted to each optical network unit 540 from 
a central office 500. 

[0059] The composite optical signal having all of the various 
wavelength channels from the central office 500 are transferred to a first 
remote node 550 through a first-branch optical cable 510. Herein, a 
downstream signal having a wavelength channel allocated to a first optical 
network unit 540-1 is dropped at a drop filter 501 of the first remote node 
550 into an optical receiver 515 of the first optical network unit 540-1 . 
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[0060] Subsequently, the optical signal having the remaining 
wavelength channels are transferred to a second remote node 554 
through a second-branch optical cable 503. Herein, a downstream signal 
having a second wavelength channel allocated to a second optical 
network unit 540-2 is dropped at a first drop filter 503 of the second 
remote node 554 into an optical receiver 516 of the second optical 
network unit 540-2. In addition, a downstream signal having a third 
wavelength channel allocated to a third optical network unit 540-3 is 
dropped at a second drop filter 505 of the second remote node 554 into 
an optical receiver 517 of the third optical network unit 540-3. 

[0061] Further, the optical signal having the remaining wavelength 
channels are transmitted to a multiplexer/demultiplexer 509 through a 
third-branch optical cable 512. Herein, the optical signals are divided 
into signals having wavelength channels allocated to optical network units 
and transmitted to each of the optical network units 540-4 and 540-N. 

[0062] Thus, the third remote node 552 includes a first 
multiplexer/demultiplexer 509 and a first remote node 550 includes at 
least one add drop module501 , 502. A first drop module 501 removes a 
wavelength channel from a composite optical signal that includes all of the 
wavelength channels. The first multiplexer/demultiplexer 509 distributes 
two or more of the wavelength channels in the composite optical signal to 
the optical network units 540-4 -540-N. 
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[0063] In addition, when the upstreann signal is transmitted to the 
central office 500 from the optical network unit 540, an optical signal 
outputted from an optical transmitter 520 of the first optical network unit 
540-1 is added at an add filter 502 of the first remote node 550, and then 
transmitted to the central office 500 through the first-branch optical cable 
510. 

[0064] Similarly, optical signals outputted from second and third 
optical network units 540-2 and 540-3 are added at first and second add 
filters 504 and 506 of the second remote node 554, and then transmitted 
to the central office 500. In addition, the remaining optical signals 
outputted from fourth and N*^ optical network units 540-4 and 540-N are 
transmitted to the central office 500 through the multiplexer/demultiplexer 
509 in the same manner as described above. 

[0065] Preferably, the add/drop filters of the remote nodes are 
connected to optical transmitters/receivers of the optical network units 
through separate optical cables. 

[0066] Thus, two or more add/drop modules 501-506 couple to an 
optical fiber from the central office 500 to the third remote node 552 
containing a first multiplexer/demultiplexer 509. The add/drop modules 
501, 503, 505 remove wavelength channels from the downstream optical 
signal prior to the first multiplexer/demultiplexer 509. The add/drop 
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modules 502, 504, 506 add wavelength channels to the upstream signal 
after the first multiplexer/demultiplexer 509, 

[0067] Although the present embodiment has been described in 
relation to three optical network units outputting optical signals being 
added or dropped at add filters or drop filters, the present invention does 
not limit the number of optical network units outputting optical signals 
being added or dropped. In other words, the add/drop operation can be 
carried out in relation to all optical network units. 

[0068] As described above, since the optical distribution network of 
the WDM-PON includes a plurality of remote nodes and multiple branch 
optical cables, the optical distribution network can be effectively located in 
a region in which optical network units are sporadically distributed over 
the whole area of the region. Thus, the distance between the remote 
node and the optical network unit is shortened so that it is possible to 
save an amount of optical fibers to be used. In addition, since the 
distance between the remote node and the optical network unit becomes 
shortened, installation work for the optical distribution network can be 
easily carried out. 

[0069] With respect to large cities in which the optical network units 
are concentrated, the optical distribution network is generally installed by 
using cables buried in the ground. However, as the number of optical 
distribution networks increases, it is difficult to cover the optical 
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distribution networks with existing cables buried in the ground. The 
optical distribution network having the multiple branch structure according 
to the present invention can reduce the amount of optical fibers to be 
buried in the ground, so It is possible to effectively manage existing cables 
buried in the ground. 

[0070] In addition, because the WDM-PON includes a plurality of 
remote nodes, the WDM-PON can be effectively installed at a desired 
location with various alignments by taking geographic features into 
consideration. 

[0071] In the forgoing specification, the invention has been 
described with reference to specific exemplary embodiments thereof. It 
will, however, be evident that various modifications and changes may be 
made thereto without departing from the broader spirit and scope of the 
invention. The specification and drawings are, accordingly, to be 
regarded in an illustration rather than a restrictive sense. 
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